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.Hindi 1 1 -48 -23 "Z 

. i , , ftTGCftflflTCCTCTDRflTCTflCRTGGTRfiflTftTflGGTTTGTCTfiTflC 



„, , RNfl starts B » starts 

CflCRflftCflGRflWlRCflTCflGflTCfiCflGTTCTCTCTfiCflGTTRCTGflGCflCRCflGCflCCTC 

HP leader Spl ice 

RCCflTCCGRTGGflGCTGTflTCflTCCTCTTCTTCGTRGCflRCflCCTflCflGGTflflGCGGCTC 
flCRGTflGCflGGCTTGflGGTCTGGflCflTflTRTflTGGOTGflCflflTGflCflTCCflCTTTGCCTT 

Sd 1 1 ce ■ ' ^1 

IguhsquqlqIescpglur 

TCTCTCCRCftCGTGTCCflCTCCCRGGTCCRflCTCCfl GGflORGCGGTCCRGGTCTTGTGflG 

3', — — 2 

15 20 25 30 , CDR1 • 

PSQTLSLTCT U S G S T F S | ? V H| 
RCCTRGCCRGRCCCTGflGeCTGRCCTGCRCCGTGTCTGGCRGCRCCTTCflCCRGCTflCTG 

— 4 1 I -6 1 r- 8 

C0R2 

35 40 «»5 50 52fl 

I n Hi H UR QPPGRGLEUI GIR I D F] 

GflTGCflCTGGGTGflGRCRGCCfiCCTGGfiCGflGGTCTTGflGTGGRTTGGRflGGflTTGRTCC 

7 I I -go 1 « 9b • « II 

, , 10a 1 1 '0''— ' r- 12/14 

5 5 CDR2 60 65 70 

fHSG OTKVMEKFKSi R U T M L U D 

TflflTflGTGGTGGTflCTflflGTflCflflTGRGRflGTTCflflGflGCfiGflGTGflCflflTGCTGGTflGR 

n " 13a 1 3b ' ■ 15 

12/14- -II '6 ~ 

75 80 82fl B C 85 

TSKhQF SL RLSSUTRRDTftU 

CRCCRGCRRGflflCCflGTTCflGCCTGRGflCTCflGCflGCGTGflCflGCCGCCGflCRCCGCCGT 

15 ' ' 17 ' ' 10 

, r- — 18— » < 20 

90 95 CDR3 lOOfl B C 105 

V V C R R IVDVVOSSVFDVl M G Q G 
CTflTTRTTGTOCflfiCflTflCBflTTflCTflCGCTflGTflGCTfiCTTTCRCTRCTCGGGTCRRGG 

19 1 « 2 1 : ' ' 23 — ' ' — 

, , ;22/24 1 1 26a 

110 Splice .BamHI 
SLVTUSSl i 
CRCCCTCGTCflCRGTCTCCTCRGGT igSbp 3* 

— 25 GflCfl3* 

— ir-26b-CTGT7CGfl 5' 
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5' CTGJCT,CAC.CCA,GTT,TAC,ACC,ATA,GCC,6CT,GAA,GGT,GCT 



FR2 
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D1.3 CDR2 ollgonucleoUde 

5' CATJGT,CACJCT, GGAJTT,6AG^A^^ 
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6TTJCC,ATC.ACCXCA,AAT,CATJCC,AAT,CCA,CTC 
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InflULflLLFCLUTFPS C I lI 
TCnCfiGCRTGGCTCTCCTGGCflTTflCTCTTCTGCCTGGTflflCflTTCCCafiGCTGTflTCCT 
5 10 15 

QyQ LKESGPGLU flPSQSLS 
TTCCCflGGTGCflGCTGRRGGflGTCflGGflCCTGGCCTGGTGGCGCCCTCfiCflGflGCCTGTC 
Ifl] . 
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GCCTCCRGGRRRGGGTCTGGRGTGGCTGGGRRTGflTTTGGGGTGRTGGRRflCflCRGflCTR 



60 



CDR2 



65 



N S R L K S| R L S 



70 

I S K D 



75 

N S K S 



Q U F 



TRRTTCflGCTCTCRRRTCCRGflCTGRGCRTCflGCRRGGRCfiRCTCCRRGRGCCRflGTTTT 

80 82R B C I 85 90 95- * 

LKMNSLHTD D TflR VVCRR fE~Rl 

CTTflRflRflTGRflCRGTCTGCRCflCTGRTGRCRCflGCCRGGTRCTflCTGTGCCflGRGRGflG 

< 

* » » CDR3 105 110 

iDVRLDVl U G Q G T T L T U S S 
RGRTTflTflGGCTTGRCTflCTGCGGCCflRGGCRCCRCTCTCflCflGTCTCCTCR 

_D— _ j^,; . 



2188638 



V domain CHI domain hinge 



-TT-I—V 
H3P B P 



J 



N 



T 



VNP promoter 
leader^ N-ierm 



VNP 

C-term / 
3' iniron 



V domain 



i 

H3 



TT 
B E 



VNP promoter 
leader, N-term 



VNP 

C-term / 
3' intron 



V domain 



T 
H3 



"TT 

B E 



VNP promoter 
leader, N-term 



n — 



VNP 

C-term / 
3* intron 



V domain 



H3 



mouse IgGI genomic clone 

CHI hinge CH2 CH3 
1-1 



S B 



H3 = Hindi,,, P = p,„, B = BamH,, N = Nco,, E = EcoR,, H2 = HfnC, 



1 



GB 2 188 638 A 



1 



SPECIFICATION 

Recombinant DNAproduct and methods ^ 

^ The present invention relatesto altered antibodies In which at least parts of thecomplementarity determin- 
JnaregfonTcDRs) in the lighter hea>^ chain va 
SouspartsoicDRsfromanantlbo 

»nri two I Ght chains one lleht chain being linked to each of the heavy chains by disuiphide bonds.The 

sehematicaiiv in Figure 1 of the accompanying drawings. . r:_-ui:„i,* 

E^h heavy chain has at one end a variabledomainfollowedby a numbe 
IBcharhasaTaSbledomalnatoneendandaconstantdomainatitsother 

allaned wUh the variable domain of the heavychain and the constant domain being aligned with thefirst 
Sanrdoma3theheavychain.Theconstantdomainsin^ 

ZOthlSghtrndhVa^chainshavethesamegeneralstructureandeachdomain^^^^^ 
reoionVwhose sVquencesare relatively conserved.connectedbythreehypew^ 

regions, wnosesequ^ Kabat E A., Wu.T.T., Bllofsky, H., Reid-Mlller, M. and Perry, H., in "seque- 

Sp3"s%XSS?nt2's?^^^^^ 

reaionslarQelyadoptaB-sheetconformationandtheCDRsformloop8Connecting,andlnsomecasesfor^^ 

2BminrpartSM'ee?structure.TheCDRsarehedincloseprox^ 

tT^eCDR8fromtheotherdomain,contributetotheformationofthe antigen bmd^n^^^^^^ 

^"^fn^rnt^e^:^^^^^^^^^^^ 

SHrsre^^^^^^^ 

35 a dsDNAsequence which codesforavarlabledomain of a llghtora lieavy chain of an ig specficfora 

oredetermined ligand; The ds DN A sequence Is provided with Initiation and termination codons at its 5 - and 
3''te3r«pSly,butlaclcsanynucleotidescodlngfo 
^hldsoXequen^^^^^ 

organismsof genescoding forthe whole or a part of human IgE heavychain polypeptide, butdpesnot 

orSuMlSichareanalogousto those normally foundinvertebr^^^ 
«nlntmodifl<^Son^^^^^^ 

n*«immunoalobulinmolecule(lg)attachedbypeptideMnlcagetoa^ , , 

ItisbXedSa heproX 
anysignificanC^^^ 

inepro >iqc^Q7 1975) Such monoclona! antibodies have found Widespread use not only 88 

Kp,SSZnc.J-,lM1>b«.lsolna.erw(s~>'«»TOl».RteJ-«'«'S^^^^^ 
'*'''TleSnt.m»g.n«oft.chni,u,s.llo»1.9*.«ablelrt™juctl.no^^^^^ 
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CDRs 

Thiis In ordertotransfertheantigen binding capacity of onevariable domain to another, it may not be 
necessarytoreplacealloftheCDRs with tliecompleteCDRs from thedonorvariableregionJtma^^^^^^ 
necessary onlytotransferthose residues which are accessiblefromtheantigenbindingsite, and this may 
AOinvolvetransferringframeworlcregionresiduesaswellasCDRresidues. 

It may also be necessary to ensure that residues essential for inter-chain interactions are preserved in the 

^Sinrd'omSMlTe^pakingtogetherandorientationo^ 

forethe ends of the CDR loops) are relatively conserved. However, small shifts in packing and orientation of 
45 hLseB4eetdooccur{l^sk,A.M.andChothla,C.,J.iVlo1.Blol..?ea325-^^^ 

3e?an5orientationofhe^^^ 
otSy J Bmccoleri. R. and Karplus, M., J. Mol. Biol., Wfi, 651-653, 1985).These pointswill needto be bornem 
mind when constructing a new antigen biding site so as to ensure that packing and orientation are not altered 
tothedeterimentof antigen bindingcapacity. . 

50 ItisthusclearthatmerelybyreplacingoneormoreCDRswithcompIementaryCDRsmayn^^^^^^ 50 
in afunctional altered antibody. However, given the explanations set out above, it will be well wlthinthe , 
competence of the main skilled in the art, either by carrying out routine experimentation or by trial and error 
testing to obtain a functional altered antibody. . , _* — i=i 

Preferably, the variable domains in both the heavy and light chains have been altered by at least partial 

55 CDRrepiacementand, if necessary.by partialframeworkregion replacementandsequencechanging. 

AlthoughtheCDRs maybe derivedfrom an antibody of the same class oreven subclass astheantibodyfrom 
which thef ramework regions are derived, it is envisaged thatthe CDRs will be derived from an antibody of 
differentclassandpreferablyfromanantibodyfromadifferentspecies. 
Thus, it Is envl6aged.for instance, thatthe CDRsfrom a mouse antibody could be grafted onto theframe- 

60 workregionsofahumanantibody.Thlsarrangementwillbeofparticularuseinthetherapeuticuseof 

'"a" oJeSt^when a' mouse monoclonal antibody or even a chimeric antibody comprising a complete 
mouse variabledomain is injected into a human, the human body's immune system recognises the mouse 
3e;omainasforaignandproducesanimmuneresponsethereto.Thus,on8ubsequent.Je^^^^^^^ 
65 mouseantlbody orchimericantibody intothehuman, its effectiveness is considerably reduced bytheaction 
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15 



However colleagues of the present Inventor have devised a process whereby chimeric antibodies in which 
both parts of the protein are functional can be secreted. The process, which is disclosed in International 
PatentAppllcationNo.PCT/GB85/00392(Neubergeretal.8ndCelltechUmited),cornprises: 
5 a) preparing a repllcable expression vector including a suitable promoter operably linked to a DN Asequ- 
ence comprising a first partwhich encodesat leastthevariabledomain of theiieavy orllghtchainof anig 
moleculeandasecondpartwhichencodesatleastpartofasecondprotem; 

b) if necessary, preparing a repllcable expressionvector including B suitablepromoteroperably linked toa 

DNA sequence which encodes at leastthe variable domain of a complementary lighter heavy chain re- 

10 soectively of an Ig molecule; . . . ^ \. j ^ _ j 

c) transformlng an immortalised mammalian cell line with theor both prepared vectors; and 

d) culturing said transfomried cell line to produce a chimericantibody. 
The second part oftheDNAsequence may encode: , . , . , , 
Oatleast part, for instance the constant domain of a heavy chain, of an Ig molecule of different species, 

15 class or subclass; 

ii) at leastthe active portion or all of an enzyme; 
Hi) a protein having a known binding specificity; 

iv) a protein expressed by a known gene but whose sequence, function or antigenicity is not known; or 

v) a protein toxin, such as ricln. . . .l .. . u. tn 
20 The above Neuberger application only shows the production of a chimeric antibodies in which complete 20 

variable domains are coded for by the first part of the DNA sequence. It does not shown any chimericanti- 
bodieslnwhichthesequenceofthevariabledomainhasbeenaltered. „r^„ ■ 

The presentinvention, in aflrst aspect, provides an altered antibody in which at least parts of the CDRsin 
the light or heavy chain variable domains have been replaced by analogous parts of CDRs from an antibody 

"^S'^rmfnatioJas to what constitutes a CDR and what constitutes a framework region was made on the 
basisoftheamino-acidsequencesofanumberofigs.However.fromthethreedimensionalstructureof8 
number of Igs It is apparentthat the antigen binding site of an Ig variable domain comprises three looped 
regions supported on sheet-like structures. The loop regions do not correspond exactly to theCDRs, 
30 althouflhingeneralthereisconsiderableoverlap. 

Moreover, not all of the amino-acid residues In the loop regions are solvent accessible and in one case, 
amlno-acid residues in the framework regions are involved In antigen binding. (Amit, A.G., IVlariuzza. R.A.. 
Phillips. S.E.V. and Poljak.R.J..Science,233, 747-753, 1986). 

KIs also known thatthe variableregions of the two parts of an antigen binding site are held inthecorrect 

35 orientation by inter-chain non-covalent Interactions. These may involve amino-acid residues within the 
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10 



15 



of the body's Immune system against theforelgn antibody. In the altered antibody of the presentinvention, 
only the CDRs of the antibody will be foreign to the body, and this should minimise side effects if usedfor 
human therapy.Although,forexample, human and mouse framework regions havecharactensticfeatures 
which distinguish human from mouse CDRs. Thus, an antibody comprised of mouse CDRs in a human frame- 

5 worlcmaywellbenomoreforeigntothebodythanagenuinehumanantibody. 

Even with the altered antibodies of the present Invention, there is lilcely to be an anti-idiotypic response by 
the recipient of the altered antibody. This response is directed to the anitbody binding region of the altered 
antibody It is believed that at least some anti-idiotype antibodies are directed at sites bndging the CDRs and 
the framewori( regions. It would therefore be possibleto providea panel of antibodleshavmgthesame 

10 partial or complete CDR replacements but on a series of differentf rameworic regions. Thus, once a first 
altered antibody becametherapeuticaliy ineffective, due to an anti-idiotype response, a second altered anti- 
body from the series could be used, and so on, to overcome the effect of the anti-idiotype response. Thus,the 
usefullifeoftheantigen-bindingcapacityofthealteredantibodiescouldbeextended. . 
Preferably.thealteredantibodyhasthestructure of anatural antibody orafragmentthereof.Thus,the 

15 alteredantibodymaycompri8eacompleteantibody,an(Fab')2fragment.anFabfragmentalig»itchain 
dimer or a heavy chain dimer. Altematively, the altered antibody may be a chimeric antibody of the type 
described in the Neuberger application referred to above. The production of such an altered chimerlcanti- 
body can be carried out using the methods described below used In conjunction with the methods described 
in the Neuberger application. . j ^lu j tn 

20 The present invention, in a second aspect, comprises a method for producing such an altered antibody 20 

"'^oreparing a first replicablo expression vector including a suitable promoter operably linked to a DNA 
sequence which encodes at least a variable domain of an Ig heavy orlight chain, thevariabledomaincom- 
prising framework reglonsfrom a first antibody and CDRs comprising at least parts of the CDRs from a 
25 second antibody of differentspecificity; , . ^. ui ^*^,^^^^m„ 

b) if necessary, preparing a second replicable expression vector including a suitable promoteroperably 
linked toaDNA sequence which encodes atieastthevariabiedomainofacomplemantarylghghtorheavy 

chain respectively; 

c) transforming a cell line with the first or both prepared vectors; and 

30 d)culturingsaldtransformedcelllinetoproducesaidaKeredantibody. 

•me present invention also includes vectors used to transform the cell line, vectors used in producing the 
transformingvectors,celllinestransformedwiththetransformingvectors,celllinestranformedwithprepar- 

atlvevectors.andmethodsforthelrproduction. ■ . . _^ ,, 

Preferably, the cell line which is transformed to produce the altered antibody is an immortalised mam- 
35 malian cell line, which isadvantageously of lymphoid origin such as a myeloma, »^Vbndoma^ft;io^^^^^^ 
auadromacell line.The cell iinemay also comprisea normal lymphoid cell.such asa B-cell.which has been 
immortali8edbytransformationwithavirus,suchastheEpstein-Barrviru8. Most preferably, the im- 
mortalised cell line is a myeloma cell line or a derivative thereof. , =.„„„thor 
Although the cell line used to produce the altered antibody is preferably a mammalian cell line, any other 
40 suitable cell line, such as a bacterial cell line or a yeast cell line, may altematively be used. In particular, it is 
envisaaedthatE.Coli derived bacterial strainscould be used. „,. .■.., 

It is known that some immortalised lymphoidceli lines.such as myeloma cell lines, m their normalstate 
secrete isolated Ig light or heavy chains. If such a cell line is transformed with the vector prepanad in step a) of 
the process of the invention, it will not be necessary to carry outstep b) of the process, provided thatthe 
45normallysecretedchalnlscomplementarytothevariabledomainofthelgchainencodedbythevector 

''^ oweJer, wheJe the Immortalised cell line does not secrete ordoes not secrete a connplementarY chain, it 
will be necessary to carry outstep b). This step may be carried out byfurther "^f "'P"'««"fl 
uced in step a) so that this vector encodes not only the variable domain of an altered antibody light orheavy 
50 chain, butaiso the complementary variable domain. _x ^ i 

Alternatively.stepbjiscarriedoutbypreparingasecondvectorwhichisusedtotran^orm^^^^^ 

mortalised cell line.This alternative leads to easier construct preparation, but may be less preferred thanthe 
firstaltemativelnthatltmaynotleadtoasefficientproductionofantlbody. „«^„,:.„h r»ii iin^. 

The techniques by which such vectors can be produced and used to transform the immortalised cell lines 

55 arewBllknownlntheartanddonotformanypartoftheinvention. .. ^ ^ . , 

In the case where the immortalised cell line secretes a complementary lighter heavy chain, thetrans- 
formed cell line may be produced for example by transforming a suitabe bacterial ceil with the vectorand 
then fusing the bacterial cell with the Immortalised cell line by spheroplastfuslon. Alternatively, the DNA 
mBybedirectlyintroducedintothelmmortalisedcelllinebYelectroporation^eDNAsequen^^ 

60thealteredvariabledomainmaybepreparedbyoligonucdeotidesynthesi8.Thi8require^^^^ 
framework regionsequenceoftheacceptorantibodyand at easttheCDRs sequences of^^^^^ 
are knovvn orcan be readily determined. Although determining these sequences, the syntl^esisoftheDN^^^^ 

fromoligonucleotidesandthepreparation of suitable vectors istosomeextentla^^^^^^ 
of known techniques which can readily be carried out byaperson skilled intheartin light of theteaching 

65 given here. 
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If itwasdesired to repeat this strategy to insert a different antigen binding site, it would only requirethe 
synthesis of oligonucleotides encoding the CDRs, as the framework oligonucleotides can be re-used. 

Aconvenlent variant of thistechnique would Involve making asymtheticgenelacicingtheCDRsm which 
thefourframeworkregionsare fused togetherwith suitable restriction sites at the junctions. Double stranded 
5 synthetic CDR cassettes with sticky ends could then be ligated at the junctions of the framework regions. A 
orotocolforachieving this variant is shown diagrammatically in Figure 6 of the accompanying drawings. 

Alternatively, the DNA sequence encoding the altered variable domain may be prepared by primer directed 
oligonucleotide site-directed mutagenesis. This technique in essence involves hybridising an oll- 
qonucieotide coding for a desired mutation with a single strand of DiMA containing the region to be mutated 
10 anduslngthesinglestrandasatemplateforextensionoftheoligonulcleotidetoproduceastrandcontaining 
themutation.Thistechntque, in various forms, is described by : Zoller, M.J. and Smith, IVI., Nuc. Acids Res., 
10 6487-6500, 1982; Norris, K., I^orris F., Christiansen, L and Fill, N., Nuc. Acids Res., //, 5103-51 12, 1983; 
Zoller, M.J. and Smith, M., DNA,5,479-488 {1 984); Kramer, W., Schughart, K. and Fritz, W.-J., Nuc. Acids 
Res., 70,6475-6485,1982. ..... ur * 

IS For various reasons, this technique in its simplestform does not always produce a high frequency of 
mutation. An improved technique for introducing both single and multiple mutations in an M13 based vec- 
tor, has been described by Carter et al, (Carter, P., Bedouelle H. and Winter, G., Nuc, Acids Res., 73,4431-4443, 
1985) 

Using a oligonucleotide, it has proved possible to introduce many changes simultaneously (as in Carter et 
20 al loc cit.)andthussingleoligonucleotides,eachencodingaCDR,canbeusedtointroducethethreeCDRs 
from a second antibody into the framework regions of a first antibody. Not only is this technique less lab- 
orious than total gene synthesis, but it represents a particularly convenient way of expressing a variable 
domain of required specificity, as it can be simpler than tailoring an entire Vh domain for insertion Into an 

25 ^"xhroligonu^^^^^ used for site-directed mutagenesis may be prepared by oligonucleotide synthesis or 25 
may be Isolated from DNA coding for the variable domain of the second antibody by use of suitable restric- 
tion enrymes. Such long oligonucleotides will generally be at least 30 bases long and may be up to over 80 

bases in length. ^. ^ * x*u 

The techniques set out above may also be used, where necessary, to produce the vector of part (b) of the 



The method of the present invention is envisaged as being of particular use in "humanising" non-human 
monoclonal antibodies. Thus, for instance, a mouse monoclonal antibody against a particular human cancer 
cell may be produced by techniques well known in the art. The CDRs from the mouse monoclonal antibody 
maythen be partially or totally grafted Intotheframeworkregionsof a human monoclonal antibody, which is 
35 then produced in quantity by a suitable cell line. The product is thus a specifically targetted, essentially 
human antibody which win recognise the cancer cells, but will not Itsellf be recognised to any significant 
degree by a human's Immune system, until the anti-ldiotype response eventually becomes apparent. Thus, 
the method and product of the present invention will be of particular use in the clinical environment. 

The present invention is now described, byway of example only, with reference to the accompanying 

40 drawings, in which: , , . i 

F/ff(/re 7 is a schematic diagram showing the structure of an IgG molecule; , ^ „ ^ . x 

Figure 2 shows the amino acid sequence of the Vh domain of NEWM in comparison with the Vh domain of 
the BI-8 antibody; ^ ^ ^ 

Figure 3 shows the amino acid and nucleotide sequence of the HuVnp gene; 
45 Figure4shows a comparison of the results for HuVwp-lgE and MoV^p-lgE In binding inhibition assays; 

Figure 5shows the structure of three oligonucleotides used for site directed mutagenesis; 

Figure 6 shows a protocol for the construction of CDR replacements by insertion of CDR cassettes into a 
vector containing fourframeworic regions fused together; ^ x j 

Figure 7shows the sequence of the variable domain of antibody D1 .3 and the gene coding therefore; and 
50 Figure 8 shows a protocol for the cloning of the D1 .3 variable domain gene. 

^TOs example shows the productio 

chains comprises the framework regions of a human heavy chain and the CDRs from a mouse heavy chain. 
55 Theframework regions were derived from the human myeloma heavy chain NEWM, the crystallographic 
structure of which is known (see Poljak et al., loc. cit. and Reth, M., Hammeriing, G.J. and Rajewsky, K., EMBO 
J 7 629-634 1 982 ) 

"Vl^eCDRs were derived from the mouse monoclonal antibody B1-8 (see Reth et al., loc. cit.), which binds 

the haoten NP-cap (4-hydroxy-3-nrtrophenyl acetyl-caproic add: Knp^"1-2 ixM). 

60 Agene encoding a variable domain HuV^p, comprising.the B1-8 CDRs and the NEWM framework regions, 

was constructed by gene synthesis as follows. ^ u i »*- ^+«*k« 

TheaminoacidsequenceoftheVHdomainofNEWMisshowninRgure2,whereinitiscomparedtothe 

amino acid sequence of the Vh domain of the 81-8 antibody. The sequence is divided into framework regions 
andCDRsaccordingtoKabatetal.{loc.cit.).Conservedresiduesaremarkedwrt^ 
65 The amino acid and nucleotide sequence of the HuVnp gene, in which the CDRs from the B1-8antibody 
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alternate with the framework regions of the NEWM antibody, is shown In Figure 3. The HuVnp gene was 
derived by replacing sections of the MoVnp gene in the vector pSV-V^p {see Neuberger, M.S., Williams, GT., 
Mitchell,E.B., Jouhal,S., Flanagan, J.G. and Babbitts, T.H., Nature, 3/4,268-270, 1985) by a synthetic frag- 
ment encoding the HuVnp domain. Thus the 5' and 3' non-coding sequences, the leader sequence, the L-V 
5 Intron, five N-terminal and four C-terminal amino acids are from the MoVnp gene and the rest of the coding 
sequence is from the synthetic HuVnp fragment. . ._ 

The oligonucleotides from which the HuVNpfragment was assembled are aligned below the corresponding 
portion of the HuVnp gene. For convenience in cloning, the ends of oligonucleotides 25 and 26b form a Hind II 
site followed by a Hind III site, and the sequences of the 25/26boligonculeotides therefore differ from the 

TrTe'^HuV^^ built as a Pstl-Hind III fragment. The nucleotide sequence was derived 

from the protein sequence using the computer programme ANALYSEQ IStaden, R., Nuc. Acids. Res., 12, 
521-438 1 984) with opt! mal codon usage taken from the sequences of mouse constant domain genes. The 
oligonucleotldes(1to26b,28intotal)varyinslzefrom14to59residuesandweremadeonaBiosearchSA^ 

1 5 or an Applied Biosystems machine, and purified on 8M-urea polyacrylamlde gels (see Sanger, F. and Coul- 1 5 
son A., FEES Lett.,57, 107-1 10, 1978). 
Theoliaonucleotideswereassembledinelghtsinglestranded blocks (A-D) containing oligonucleotides. 
[1 3 5 71 (Block A), [2,4,6,8] (blockA'), [9,1 1,13a,13bl (Block B), [10a, 10b, 12/1 4] (blockB'), [15, 17] (blockC), 
[1 6, 1 8] (block C), [1 9, 21 , 23, 25) (block D) and [20, 22/24, 26a, 26b) (block D'). u u ^ 

20 In a typical assembly, fo r example of bl ock A, 50 pmole of oligonucleotides 1 ,3,5 and 7 were phosphoryla- 20 
ted at the 5' end with T4 polynucleotide kinase and mixed together with 5 pmole of the terminal oligo- 
nucleotide [1] which had been phosphorylated with 5 jtCi [r32p] ATP (Amersham 3000Ci/mmole).These 
oligonucleotides were annealed by heating to 80''C and cooling over 30 minutes to room temperature, with 
unkinased oligonucleotides 2, 4 and 6 as splints, in 1 50 jil of 50 mM TrIs.CI, pH 7.5, 1 0 mM MgCla. Forthe 
25 Iiaation ATP(1 mM)andDTT(IOmM) were added with 50 UT4 DNA ligase (Anglian Biotechnology Ltd.) and 
incubated for 30 minutes at room temperature. EDTA was added to 10 mM, the sample was extracted with 
phenol precipitated from ethanol, dissolved in 20 jil of water and boiled for 1 minute with an equal volumeof 
formarnide dyes. The sample was loaded onto and runona0.3mm8M-urea 10% polyacrylamlde gel. A band 
of the expected size was detected by autoradiography and eluted by soaking. .... 

Two full length single strands were assembled from blocks A to D and A' to D' using splint oligonucleoti- 
des ThusblocksAtoDwereannealedandllgatedln30jjJassetoutinthepreviousparagraphuslng100 
pmole of oligonucleotides 1 0a, 1 6 and 20 as splints. Blocks A' to D' were ligated using oligonucleotides 7, 1 3b 

^^After p^hT^^^^^ block A-D was annealed with block A'-D', small amounts were cloned inthe 

35 vector Ml 3amp1 8 (Yanish-Perron, C, Vieira, J. and Messing, J., Gene, 53, 1 03-1 1 9, 1 985) cut with PstI and 
Hind III, and the gene sequenced by the dideoxy technique (Sanger, P., NIcklen, S. and Coulson, A-R., PNAS 

USA, 74, 5463-5467, 1979). ^ w u * i 

The MoVNPgene was transferred asaHind III -BamHIfragmentfrom the vector pSV-VNp(Neubergeretal., 

loc.clt)tothevectorM13mp8(Messing,J.andVielra,J.,Gene,r5,269-276,1982).Tofacmtatethereplace- 
40 ment of MoVnp coding sequences by the synthetic HuVnp fragment, three Hind II sites were removed froni the 
5' non-coding sequence by site directed mutagenesis, and a new Hind II site was subsequently introduced 
neartheend of thefourth framework region (FR4in Figure 2).Bycuttingthevectorwith PstI and Hind ll,most 
of the Vnp fragment can be inserted asa Pstl-HInd llfragment The sequence attheHind II site was corrected 
to NEWM FR4 by site directed mutagenesis. ^ , 

The Hind III -Bam HI fragment, now carrying the HuVnp gene, was excised from M 13 and cloned back into 45 
DSV-VNPto replace the MoV^pgene and produce a vector PSV-HuVnr. Finally, the genesforthe heavy chain 
constant domains of human Ig E (Flanagan, J,G. and Rabbitts,T.H., EMBO J., 7,655-660, 1982) were introdu- 
ced asa Bam HI fragment to give the vector pSV-HuVnp. HE. This was transfected Into the myeloma line J558 

T^^s^qJJ^^^^^^ in pSV-HuV^p. HE was checked by recloning the Hind Ill-Bam Hlfragment 50 

back Into M13mp8 (Messing eta I., loc. cit). J558L myeloma cells secrete lambda 1 light chains which have 
been shown to associate with heavy chains containing the MoVnp variable domain to create a bi nding site for 
NP-cap orthe related hapten NIP-Cap (3-iodo-4-hydroxy-5-nitrophenylacetyl-caprolc acid) (Reth, M., Ham- 
merling,G.J.andRajewsky,K.,Eur.J.lmmunol.,5,393-400,1978). .«..mKoc«Ip,^«h 55 

Asthe plasmid pSV-HuVwp.HE contains the i7pf marker, stably transf acted myeloma cells could be selected 55 
in a medium containing mycophenolic acid. Transfectants secreted in antibody (HuVNp-lgE) with heavy 
chains comprising a HuVnp variable domain (I.e. a ''humanised" mouse variable region) and human 7 con- 
stant domains, and lambda 1 light chalnsfrom the J558L myeloma cells. 
The culture supematants of several gpt+ clones were assayed by radioimmunoassay and found to contain 
eONIP-capbindingantibody.Theantibodysecretedbyonesuchclonewaspurifiedfromculturesupe^^^^ 60 
affinity chromatography on NIP-cap Sepharose (Sepharose is a registered trade mark . A 
SDSgelindicatedthattheprotelnwaslndistlngulshablefromthechimericantlbodyMoVNP-lgE(Neuberger 
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The HuVNP-lgE antibody competes effectively with the IVIoVMP-lgEfor binding to both anti-human-lgE and to 

NIP-cap coupled to bovine serum albumin. ^ j. ji i u n j 

VariousconcentrationsofHuVNP-lgEandMoVNHgEwereusedtocompetetheblndmgorradiolabelled 

MoVMi-laEto polyvinyl microtitre plates coated with (a) Sheep anti-human-lgE antiserum (Seward Lab- 
5 oratories)- (b)l\IIP-cap-bovineseruma1bumin;(c)Ac38anti-idiotypicantibody;(d)Ac146antHdiotypicanti- 

body; and (e) rabbit anti-IWoV^P antiserum. Binding was also carried out in the 

body (Neuberger, M.S., Williams, G.T. and Fox, R.O., Nature,3tt, 604-608, 1 984) or of JW5/1/2 which is an 
IgM antibody differing from the I\/loVNP-lgM antibody at 1 3 residues mainly located m the Vh CDR2 region. 
The results of the binding assays are shown in Rgure 4. wherein black circles represent HuVnp. whrte 
10 circles MoVnp, blacksquares MoVNP-IgM and white squares JW5/1/2. Binding is given relative to the binding 

in the absence of the inhibitor. . ^. xi 

Theaffinities of HuVNHgEforNP-capsandNIP-cap were then measured directly using thefluorescence 

quench technique and compared to those for IVIoVNP-lgE, using excitation at295 nm and observing emission 
at340nm(Eisen,H.N.,MethodsMed.Res., 70,115-121,1964). 
1.; Antibody solutions were dilutedat 100 nIVl in phosphate bufferedsalinefiltered (0.45 p-m poreceilulose 
acetata)and titrated with NP-capintherange0.2to 20 ,.IVI.AsBcontrol,mou8eDI-3antibody^^^^ 
Jankovic, D.L., Buot. G., Amit, A.G.. Saludjian, P., Le Guern, A., Mazie, J.C. and Poljak, R.J., J. Mol. Biol., 170, 
1055-1058,1983),whichdoesnotbindhapten,wastitratedinparalle1. 
Decreaselntheratioof thefluorescence ofHuVNHgEorHuVNP-lgEto thefluorescence oftheD1-3antibody 

20 wastakento be proportional to NP-cap occupancy of the antigen binding sites. The maximum quench was 
about40%forbothantibodies,andhaptendissoci8tionconstantsweredeterminedfromleast-squaresfitsof 

triolicatedatasetstoahyperbola. , . 

ForNIP-cap,haptenconcentration variedfrom 10to300nM,andabout5p%quenching offluorescence 

wasobseivedatsaturation.Sincetheantibodyconcentrationswerecomparabletotheyalueofthe^^ 
25 tion constants, data were fitted by least squares to an equation describing tight binding inhibition (Segal, i.H., 
in -Enzyme Kinetlc8",73-74,Wiley.NewYork, 1975). ' ^ . 

The binding constants obtained from these dataforthese antibodies are shown in Table 1 below. 
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Tablel 30 

KNp-cap KNip-caP 
MoVNF-lgE 1.2|ilVI 0.02 hJWI 

HuVNHgE 1.9|ilVI 0-07 ttM 

These results showthatthe affinities of these antibodies are similar and thatthechange in affinity is less 35 
than would be expected for the loss of a hydrogen bond or a van der Waals contact point atthe active srteof 

^"■Elt has been shown that it is possible to produce an antibody specifiofor an artificial small hapten, 
comprising a variable domain having human framework regions and mouse CDRs, without any significant ^ 

40 loss of antigen binding capacity. • ju„ 

AsshowninRgure4(d),theHuVNHgEantibodyhaslosttheMoVNpidiotypicdetermin8ntre^^^ 

theantibodyAc146.Furthermore,HuVNP-lgEalsobindstheAc38antlbodylesswell(FIgure4(c),anditis 
therefore notsurprising the HuVNP-lgE has lost many of the determinants recognised by the polyclonal rabbit 
antl-idlotypic antiserum (Figure 4(e)). . ^ ^ „ n Ki»wir.« 

45 It can thus be seen that, aldiough the HuVnp-IqE antibody has acquired substantially all the antigen b nding 45 
capacity of the mouse CDRs, it has not acquired any substantial proportion of the mouse antlbody-santi- 

^Th^sultsofFigures4(d)and4(e)carryafurtherpracticalimplication.Themouse(orhuman)CDRsOT^ 
betransferredfromonesetofhumanframeworics{antibody1)toanother(antibody2).ln*erapy,antN 
50idiotypicantibodiesgeneratedinresponsetoantibodylmightwellbindpoorytoantibody2^^^^ 50 
anti-idiotypic responsestartsto neutralise antibody 1 treatment could be continued with antibody 2, andthe 
CDRsofadesiredspecificityused more than once. . ,. ■ 

For instance, the oligonucleotides encoding the CDRs may be used again, but with a set of oligonucleotides 

encodingadifferentsetofframeworkregions. ^ ^ ^ ^x, o*ro™««,nrttn m 

55 Theaboveworkshasshownthatantigenblndingcharacteristicscanbetransferredfromoneframeworlcto 55 

another without loss of activity, so long as the original antibody isspecificfora small hapten. _ 

ltisknownthatsmallhaptensgenerallyfitintoanantigenbindingcleft.Howeverthismaynotbet^^^^^ 
natural antigens, forinstanceantigens comprislnganepitopicsiteon proteinorpolysacchande F^^^^^^^ 
antigens,theantibodymaylackacleft(itmayonlyhaveashallowconcavi^,andsurfacear^^^^^ 
eOsiduesmayplayasIgnificantroleinantigenbindingJtisthereforenotreadilyapparentthatthewoA^^^^^ 60 
arficialantigensshowsconclusivelythatCDRreplacement could be used to transfer natural antigen binding 

"'Thelrfore workwascarried outto see if CDR replacementcould be usedforthis purpose. This workalso 
involvedusing primer-directed, oligonucleotide site-directed mutagenesisusingthreesyntheticoligo- 
65 nucleotidescodingforeachofthemouseCDRsandtheflankingpartsofframeworkregionstoproducea 65 
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variable domain gene similarto tiie HuVnp gene. 
Example 2 



The^hree dimensional structure of a complex of lysoryme and the antilysozyme antibody D1.3 (Amit etal., 
5 loo citlwassolvedbyX-raycrystaliography.Tliereisalargesurfaceofinteractionbetweentheantibo^ 
antigen. The antibody has two heavy chains of the mouse IgGI class (H) and two Kappa light chains |K), and is 

'"The^DNA'Squencfoir the heavy chain variable region was determined by making cDNAfrom the mRNAof 
the D1 3 hybridoma cells, and cloning into piasmid and Ml 3 vectors. The sequence Is shown m Figure?, in 

10 which ihe boxed residues comprisethe three CDRs and the asterisks mark reslduea^^ 
T^ireesyntheticoligonucleotldes were then designed tointroducetheD1.3VHC^^^^^^ 
ofthe HuVNPgencThe HuNpgenehas been cloned Into M13mp8 asa BamHI-Hind III fragment,asdescribed 
above.EacholigonucleotIdehas12nucleotides8tthe5'endand12nucieotides« 
complementarytotheappropriateHuVNpframeworkregionB.Thecentra1portionofeacholigon^^ 

15 encodes either CDR1 , CDR2, or CDR3 ofthe D1 .3 antibody, as shown in Figure 5, to which reference is now 
made. It can be seen from this Figure thatthese oligonucleotides are 39,72 and48 nucleotides long re- 

*''i?im5l*eofD1.3CDR1 primerwaspho8phorYl8tedattheB'end8ndann8aledtolK.goftheM13-HuVNP 
template andextendedwiththeKlenowfragmentofDNApoiymeraseinthe presence ofT^^^^ 
20 and oligonucleotide extension at 15°C, the sample was used to transfectE. Coll strain BHM71/18mutLand 

plaques gridded and grown up as infected colonies. ,»„xni o 

Aftertransferto nitrocellulose filters, the colonies were probed at room temperature with 10 pmole of D1 .3 
CDR1primerlabelledatthe5'endwith30j.Ci«.p-ATP.Aftera3''washat60°C,autoradiographyrevM^ 
about 20% ofthe colonies had hybridised well to the probe. All these techniques are ftjily described in 

25 "Oligonucleotide site-directed mutagenesis in IVI13" an experimental manual by P. Carter, H. Bedouel le, 
U M Y. Waye and G. Winter 1985 and published by Anglian Biotechnology Limited, "ar'J''"^ Road, Co ches- 
tTEssexC028JX.Severalclonesweresequenced,andthe replacement of HuVNpCDR1byD.13CDR1w^^ 
confirmed This Ml 3 template was used in a second round of mutagenesis with D1.3CDR2 primer; finally 
template with both CDRs 1 &2 replaced was used in a third round of mutagenesis with D.13 CDR3 primer. In 

■?o this case, three rounds of mutagenesis were used. j. ■. ui 

30 t^[^^';j^;;j^^,3j^^gi„,„„t3i„?„gtheD1.3CDRswasthenattachedto8equencesen^^^^^ 

constant regions of human lgG2so as to produceavectorencodingaheavychalnHu».Thevectorwas 
transfected into J558Lcells as above. The antibody Hu»2L2issecreted. _ 
Forcomparatlve purposes, the variable region geneforthe D1.3antbody vyas inserted into asuitable 

35 vector and attached to a gene encoding the constant regions of mouse IgGI to produce a gene encoding a 
heavy chain H* with the same sequence as H.The protocol for aoliieving this is shown in Rgu re 8. 
As shown in Figure 8, the gene encoding the D1 .3 heavy chain V and C„1 domains the part ofthe hinge 

reaionarecloned into the M13mp9 vector. .»ud *i tk-dch 

Thevector(vectorA)isthencutwithNcol.biuntedwithKlenowpolymerBseandcutwithPstl.ThePStl- 

40 Ncol fragment is purified and cloned into Pstl-Hindll cut MVnp vectorto replace most of tlieMVMpC^^^^^^ 
sequences. TheMVNPvectorcomprisesthemousevariabledomaingenewithitspromoter,5 Ieader,and5 

and 3' introns cloned into M13mp9.This product is shown as vectorB in FigureB. 
UsingSirected mutagene^s on the singe stranded template of vector Bwi^ 

encoding the N-terminal portion ofthe ChI domain andthe PstI site nearthe N-term.nus of the Vdomain are 
45 removed.ThustheVdomainofD1.3 now replaces that ofVNP to producevectorCof Figure^ 

VectorCisthencutwithHIndlilandBamHIandthefragmentformedherebyisinsertedintoHn^^^^^ 
cut M13mp9. -nieproduct iscut with Hind llland Sad andthefragment is inserted Into PSV-Vnp cut with Hmd 
SSsaclsoLtorepI^^^^ 

areclonedintothevectorasaSadfragmenttoproducevectorDofFigureS. »,„,.,»ti„„withthB 50 

50 Vector D of Figure 8 is transfected into J558L cells and the heavy chain H* is secreted in association withthe 50 
lambda light chain Las an antibody H'aLa. j..«„,:„»*«„,.or>i •? 

Separated K or L light chains can be produced by treating an appropriate antibody (for '"ata"^^ D1 .3 
antibody toproduceKlightchains)with2.mercaptoethanollnguan.dinehydrochlondebo^^^^ 
interchain sulphydryls with lodoacetamide and separating the dissociated heavy and light chains by HPLC in 

Tfieirnt'hla^^^^^^^^^ 

atedheavy and Hghtchains,and dialysing into a non<lenaturing bufferto promote re-association and refold- 
fnrProperly reassociated and folded antibody molecules can be pun^ 

Uslngappropriatecombinationsoftheaboveprocedures,thefollowing8ntibodieswereprepared. 
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H,Kz (D1 3 antibody) 

H'aLz (D1.3heavychain,lambdaiiQhtchain) 

H*2K2 (recombinantequivaIentofD1.3) 

Hu'zLa ("humanised" D1.3 heavy chain, lambda ^ 

5 light chain) 

Hu*2K2 ("humanised" D1. 3) 

The antibodiescontaining the lambda light chains were nottestedfor antigen binding capacity. The other 
antibodies were, and the results are shown in Table 2, 

10 

Table 2 



Antibody Dissociation constant 

forlysozyme(nM) 

D1.3(H2K2) foil A 

D1.3(H2K2) 15-9,11.4 
(reassoclated) 

recombinant D1 .3 (H»2K2) 9-2 
20 (reassociated) 

"humanised" D1.3(Hu2K2) 3-5.3.7 
(reassociated) 

Theaffinitv of theantibodiesforlysozymewas determined by fluorescent quenchinfl.wlthexcitatlonat 

5^ 290nmandSSnobservedat340nm^^^ 

''fedSS?f!S(0-^um.cellul^ 

SuoreSceonaddingthelyso2ymetotheantibody{>100%quench)anddatawerefitte^^ 

iJaresran equaSJndLcrlbing tight binding Inhibition (l.H. Segal In Enzyme KlnetU:s, p73-74, Wl ey. New 

YorJlSTrSughatn^tsightthe^ 

30 istiWerthanTnti!^ 

nrh^woCi— ^^^^^^^^^^^^ 

siS^eS bJpSgasabovewIt^ 
srelgwKcSS primer; 30^ 

^^'thasthereforebeenshownthatCDRrepIacementcanbeusednotonlyforart^ 

alBofor natural antigens, thereby showing thatthe present invention will be of therapeuticuse. 

tSroleSJnderstoodthatthepre 
exarpl"andmodlflcations.ofd8t8ilcanbemadewithinthe8copeofthe.nvent.ona8definedmtheappen- 

40 ded claims. 
CLAIMS 

1 An altered antibody in which at least parts of the complementarity determining regions (CDFte) in the 
45lighto7K^ainvariabledomain8havebeenrepl^^^^ 

'^T^StSntibodyofclaiml.inwhichtheentireCDRshavebeenre^ 
3 Thealteredantibodyofclaim1orclaim2,inwhichthevanabledomainsinboththeheavyandlight 

'^'^fte^atrdaSd^^^^^^^^^^ =° 

°r*^?.;~?n;K^^^^^^^ 

fragmentthereof. . • • 

e A method for producing an altered antibody composing: 

a) nreMr ngaSrepMcableexpresslon vectorincluding asuitabl^ promotefoperab ly l.nkedtoaDNA 55 
seaueSKSSs at leastavariabledomainofanlgheavyorlight chain, thevari^ 

Sngfrarewo?kr?gionsfromafl^ 

60 linklSJoTD^s'iSel^^^^^ 

chain respectively; =„h 
c)transfonningacelllinewiththefirstorbothpreparedvectors.and 

rilculturinasaidtransformed cell lineto produce said altered antibody. ^ .-u -i • 

rSethodo7dL6,inwhichthecelllinewhichistrans^^^ 

65 immortalised cell line. 
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8 The method of claim 7, in which the immortalised cell line is a myeloma cell line or a derivative thereof. 

a! The method of any one of claims 6 to 8, in which the DNA sequence encoding the altered variable 
domain is prepared by oligonucleotide synthesis. ^ j , u. 

10 The method of any one of claims 6 to 8, 1 n which the DNA sequence encoding the altered varia ble 
5 domain is prepared by primer directed oligonucleotide site-directed mutagenesis using a long oli- 
gonucleotide. 
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